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THE BACTERIAL FLORA OF THE SKIN*
FACTORS INFLUENCING THE GROWTH OF RESIDENT AND TRANSIENT
ORGANISMS
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In spite of rapid improvement during the past decade of methods of dealing
with superficial infections of the skin, many aspects of the general problem of
chronic bacterial infections remain poorly understood. Although much has been
written concerning the mechanisms by which the normal healthy skin disposes
of undesirable microorganisms, there are important components of the phenom-
enon of self-disinfection which are still not clearly defined. The probable and
possible mechanisms involved have been summarized recently by Stuart-Harris
(23) and by Burtenshaw (3). Certain older hypotheses relating to changes in the
bacterial flora of the skin surface would appear to require re-examination as to
their validity.
The importance of a normal balance in the numbers and types of bacteria and
fungi present on the skin surface, i.e. the maintenance of a healthy bacterial
ecology, is manifest. Moreover, with the development of agents which are highly
specific in their effects upon some strains of bacteria, without any effects upon
other strains or upon fungi, the occasional deleterious results of disturbance of a
possible delicate balance between bacteria themselves, or between bacteria and
fungi, is becoming increasingly significant clinically.
As is immediately obvious from the titles of many papers dealing with the bac-
terial flora of the skin, in which the terms "degerming" and "self-disinfection"
recur often, it would seem possible that disproportional emphasis may have been
placed upon the mechanisms by which the skin wards off bacteria, with relative
neglect of the precise mechanisms by which the skin becomes a fertile soil for
the growth of certain strains. To give a rather homely analogy, if a physician
whose training had been in methods of preventing the growth of bacteria were to
survey a piece of land in respect to its ability to support the growth of wheat,
his instincts would paradoxically tend to make him proceed first to a considera-
tion of what factors in the soil prevented the germination and growth of the wheat.
The farmer, whose training and instincts are in the direction of making plants
grow, would immediately consider the soil in terms of the mechanisms through
which the soil might support the growth of wheat. In considering factors relating
to the bacterial flora of the human skin, it might be well for investigators to emu-
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late the farmer to some extent, because this approach would seem to have been
relatively neglected.
The studies reported herewith are concerned with the effect of various factors
in reducing or enhancing the growth of certain strains of bacteria and fungi fre-
quently recoverable from the surface of the normal human skin. Included are
1) a limited study upon the comparative resistance of various strains of bacteria
to desiccation in vitro, 2) the effects of certain fatty acids upon the growth of
these several bacterial and fungus strains, 3) the relation of the effect of changes
in pH of culture media upon the growth of these bacteria, 4) the nutritional re-
quirements of these bacteria in relation to various components of olive oil, and
5) preliminary studies to determine whether or not the maintenance of a normal
bacterial flora is to any great extent dependent upon antibiotic effects of various
bacterial strains upon each other.
Selection of the bacteria and fungi to be studied was made on the basis of most
recent studies of the normal skin flora by other workers and ourselves, as follows:
I. Normal Skin Micrococci (6, 21).
M. epidermidis
M. albus (aurantiacus)
M. candidus
M. fiavus
II. Diphtheroid-like Organisms (5, 18, 20)
Normal skin aerobic diphtheroids
Propionibacterium acne (12)
"Nocardia" tenuis
III. Lipophilic Cryptococci (10, 2).
Pityrosporon ovale
Pityrosporon orbiculare
Such common bacteria as streptococci and enteric gram-negative rods are not
normally present on the skin, and others, such as coagulase-positive staphylococci
and gram-positive spore-forming rods, although frequently present, do not read-
ily establish themselves as fixed members of the bacterial household of normal
human skin. The means by which bacteria adapt to growth on a medium which
might appear as uninviting as the skin surface are poorly known.
In a previous paper (19), we have extended the studies of Arnold (1) and of
Norton and Novy (15) dealing with the factor of desiccation as the chief mech-
anism involved in the rapid disappearance of bacteria placed on the skin. There
can be no question as to the predominant importance of this mechanism, and
numerous instances of its clinical validity may be cited. The importance of some
other possible mechanisms is less well-established. It has been shown that patho-
genic staphylococci and streptococci may be inhibited by certain fatty acids found
in sebum (3) although Burtenshaw found that only streptococci were inhibited
by ether extracts of sebum. The concept of the acidity of the surface of the skin
as a predominant factor in its failure to support the growth of certain bacteria
has been widely accepted, though the catch phrase "acid mantle" (13, 14) might
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properly be regarded as representing a useful hypothesis which has not been
completely justified by the data which led to its formulation.
Scattered reports of the role of lipoid materials in supporting the growth of
bacteria and fungi have appeared. Benham (2) has shown that the "bottle bacil-
lus" found on seborrheic scalps requires oleic acid and other lipoids for growth.
Gordon (8) has recently isolated another lipophilic fungus, Pityrosporon or-
biculare, from the normal skin, and reported that it requires stearic acid and
other lipoids for growth. Fleming (7) long ago recognized that the acne bacillus,
Pro pionibacterium acne, utilized oleic acid, and in 1949 Pollock, Wainwright and
Manson (18) demonstrated that the aerobic diphtheroids of the skin also re-
quired it.
Loeb et a! (11) and Evans et al. (6) have been able in isolated instances to
demonstrate that certain micrococci recovered from the normal skin secrete
antibiotics active against other resident organisms.
METHODS
The following bacterial strains have been used in the present study:
(a) Ninety strains of normal skin micrococci selected from a large collection
isolated from the normal glabrous skin during the past two years. These con-
sisted principally of strains of M. epidermidis, M. albus (aurantiacus), M. candi-
dus, and M. fiavus.
(b) Ten strains of micrococci isolated from the scalp, including the species
M. albus (aurantiacus), M. epidermidis and M. candidus. All of these organisms
had a colony form found to be predominant in strains isolated from the scalp,
but less frequently encountered in strains isolated from the rest of the body sur-
face (21).
(c) Eleven strains of coagulase-positive micrococci (staphylococci) isolated
from the normal skin.
(d) Sixteen strains of coagulase-positive micrococci, six strains of Lancefield
Group A streptococci, one strain of Lancefield Group C streptococcus, and twelve
strains of various gram-negative rods, all isolated from inflammatory skin les-
ions of various types.
(e) Ten strains of typical normal skin diphtheroids. These are probably best
assigned to the species Corynebacterium xerose, and appear to be identical with
those isolated from the skin by Pollack et al. (18).
(f) Thirty-one strains of the so-called "Nocardia" tenuis, more properly desig-
nated as Corynebacterium tennis (5), isolated from trichomycosis axillaris. The
inclusion of this organism as a member of the flora of the normal skin is debat-
able. However, it is frequently found, and the disease produced by it, trichomy-
cosis axillaris, is simply a change in the appearance of the hairs by reason of the
large number of organisms growing on the hair shafts.
(g) Three strains of Pityrosporon ovale.
The various experiments carried out may conveniently be recorded individually
as to methods and results.
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I. The comparative effect of desiccation in vitro upon various strains of bacteria
from the normal human skin.
A number of investigators (1, 15, 19) have reported on the effect of desiccation in vitro
on various individual bacterial strains. The following rough method was used in an effort
to determine whether or not desiccation produced death of various strains of skin bacteria
at rates which varied significantly. Strips of photographer's ground glass were inoculated
with a thin ifim of the bacteria to be tested (0.005 ml. per strip). These strips were then im-
mediately placed in a desiccator for twenty minutes, over a solution of H2S04 calculated
to give a humidity of 25%. During this time they became completely dry in appearance.
The strips were then removed from the desiccator and placed in tubes of Difco heart infusion
broth. The tubes were agitated, and the contents, including the glass strip, were plated out
in Difco heart infusion agar. After twenty-four hours incubation, the number of colonies in
the pour plates was observed and counted when possible.
This method was admittedly crude, but proved adequate for the determination of any
gross variation in the resistance of various bacterial strains to desiccation. Some gram-
negative rods appeared to be killed more rapidly on desiccation than were gram-positive
cocci and diphtheroids, but the number of viable organisms of all test strains was markedly
reduced during the twenty-minute desiccation exposure. All species tested, eleven in num-
ber, were extremely susceptible to drying. In general, gram-negative rods appeared to be
more susceptible to desiccation than gram-positive organisms.
II. The bacteriostatic effect of fatty acids upon normal skin bacteria wa,sstudied
as follows:
Plates of brain heart infusion agar were prepared. The medium was strongly buffered at
pH 5 and 7, and appropriate indicators added. These indicators had no intrinsic bacterio-
static effect. The plates were seeded with a constant number of bacterial cells, turbidi-
metrically determined, which were poured over the surface of the plates in 10 ml. of the
buffered medium. The inoculated plates were incubated for two hours at 37°C. and filter
paper discs saturated with ether or acetone dilutions of the test agents were then placed
on the agar surface. The test agents included caprylic, undecylenie, laurie, tridecanoic,
caproic, butyric, myristic, oleic and linoleic acids, lecithin, olive oil, 10% adult scalp sebum
obtained from clean masculine hair, and sebum of varying concentrations obtained from the
forehead of fifteen male subjects.
Incubation was continued for twenty-four and forty-eight hours, and the zones of in-
hibition of bacterial growth then measured. In the case of organisms having very rapid
growth, eighteen-hour broth cultures were used in preparing the inoculum. In studying P.
ovale, the technique was modified to meet the special nutritional requirements of this fun-
gus by placing 1 ml. of a heavy saline suspension of cells in 10 ml. of buffered media, mixing
and pouring quickly into a tube containing 1 ml. of 10% oleic acid in acetone. The resulting
inoculum, containing fine droplets of oil, was poured over the plates and allowed to harden.
Impregnated filter paper test discs were then added, and the plates incubated at room tem-
perature.
Results. Strains of normal skin micrococci, coagulase-positive staphylococci,
and gram-negative rods tested by the filter paper disc method against a number
of fatty acids were most inhibited by eaprylic acid. When coagulase-positive
staphylococci and gram-negative rods were tested by the filter paper disc method
at pIT 5, 10% caprylic acid produced average zones of clearing of 1 cm. in radius
in the case of the cocci, and approximately 0.2 cm. in radius in the case of gram-
negative rods (Table 1). All of the effective fatty acids inhibited normal skin
micrococci and coagulase-positive staphylococci to a greater degree than was the
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case with gram-negative rods (Table 2). At p11 7 the fatty acids were less ef-
fective than at pH 5. Gram-negative rods tended to raise the pH of the medium,
and unless the medium was strongly buffered, no inhibition occurred.
Because of their p11 requirements, normal skin diphtheroids were tested at
pH 7 only. Ten per cent caprylic acid produced an average zone of clearing 0.1
TABLE 1
Inhibition of growth of bacteria by 10% caprylic acid and 10% undecylenic acids at pH 5
Inhibition expressed as the average of the radii of the zones of clearing, measured from
the edge of the filter paper disks
ORGANISM CAPRYLIC ACID, 10% UNDECYLENIC Acm, 10%
M. epidermidis 9 0.9 cm. 0.5 cm.
M. aurantiacus 9 1.2 cm. 0.5 cm.
Scalp micrococci 6 1.0 cm. 0.7 cm.
Coag.-pos. staph 3 0.9 cm. N.D.
Gram-neg. rods 4 0.2 cm. N.D.
Pityrosporon ovale 3 complete inhibition complete inhibition
TABLE 2
Inhibition of growth of bacteria by 10% caproic acid and 10% tridecanoic acid at pH 5
Inhibition expressed as the average of the radii of the zones of clearing, measured
from the edge of the filter paper disk
ORGANISM NO. OPSTRAINS
BIJTYRIC
ACID, 10%
cm.
NO. OF
STRAINS
CAI'ROIC
ACID, 10%
cm.
NO. Or
STRAINS
TRIDEC.
ACID, 10%
cm.
Normal skin micrococci 6 0.5 3 0.8 9 0.09
Coag.-pos. staph 3 0.5 3 0.8 3 0.02
Gram-neg. rods 3 0.4 3 0.1 3 0
TABLE 3
Inhibition of growth of bacteria produced by 10% caprylic acid and 10% undecylenic acid in
the case of normal skin micrococci and normal skin diphtheroids at pH 7
Inhibition expressed as the average of the radii of the zones of clearing, measured from
the edge of the filter paper disks
ORGANISM NUMBER OP STRAINS CAPRYLIC ACID, 10%
cm. cm.
Normal skin inicrococci 8 0.3 0.3
Normal skin diphtheroids.. . 8 0.1 0.8
cm. in radius, less than that observed in the case of normal skin micrococci
(Table 3). However, undecylenic acid produced larger zones in the case of nor-
mal skin micrococci. Caproic acid and laurie acid were about as effective as
undecylenic acid against normal skin diphtheroids (Table 4).
Ten per cent undecylenic acid at pH 5 and 7 produced complete clearing of the
UNDECYLINIC ACID, 10%
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plate in the case of Pityrosporon ovale. One per cent concentrations of caprylic
acid and undecylenic acid at p11 5 produced larger zones than was the case with
normal skin micrococci. With P. ovale as the test organism, undecylenic acid
produced greater inhibition at p11 7 than at pH 5.
Ten per cent adult scalp sebum, obtained by evaporating the filtered ether
extract of clean masculine hair which was free of hair lotions, produced average
zones of clearing .03 cm. in radius, both in the case of micrococci isolated from
the scalp and micrococci isolated from other skin areas. Rabbit sebum produced
somewhat larger zones of clearing.
A preliminary experiment upon the antibacterial effect of sebum obtained
from the foreheads of fifteen male subjects was carried out. Ether was placed in
TABLE 4
Inhibition of growth of normal skin diphtheroids by 10% concentrations of various fatty acids
and related substances at pH 7, measured by the filter paper disk method
Inhibition expressed as the average radii of the zones of clearing, measured from the edge
of the filter paper disks
LIPID NUMEEF OF STRAINS INHIBITION STIMULATION
cm. cm.
Caprylic acid 7 0.1 0
Capric acid 5 0.8 0
Undecylenic acid 8 0.8 0
Lauric acid 5 0.8 0
Tridecanoic acid 5 0.4 0
Myristic acid 5 0.4 0
Oleic acid 7 0.08 0.3
Linoleic acid 7 0.1 0.1
Lecithin 6 0 0.5
Adult scalp sebum 6 0.03 0.09
a cup 0.78 cm. in diameter on the forehead, and the skin lightly rubbed for two
minutes with a glass rod. The ether was then evaporated and made up to 0.5 cc.,
and 0.1 cc. of this then added to the disc. The exact amount of sebum was not
determined. With this technique, no inhibition whatever was noted on one strain
each of normal skin micrococcus, coagulase-positive staphylococcus, Pseudomonas
aeruginosa, E. coli, and normal skin diphtheroid.
III. The effect of variations in the pH of the medium on the growth of bacteria
from normal skins.
Method: Tubes of strongly buffered tryptose broth, adjusted to approximately p11 4.0,
4.5, 5.0 and 6.5 with lactic acid and HCI, were inoculated with a series of bacterial strains.
The inoculum was an eighteen hour tryptose broth culture. The tubes were observed for
growth and viability of the organisms after incubation at 37°C. for twenty-four and forty-
eight hours, and after ten days. A larger series of strains was inoculated in radial fashion on
heart infusion agar plates, strongly buffered at p11 2, 3, 4, 5, 6, 7, 8, and 9. The plates were
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incubated for twenty-four and forty-eight hours, and for ten days, and observed for the
amount of growth. In the case of P. ovate, the technique was modified as follows. The buf-
fered pH media were shaken in 10 ml. tubes with 1 ml. of a heavy suspension of cells, and 0.1
ml. of olive oil. The tubes were then slanted and incubated at room temperature. In all
cases, appropriate indicators were added to detect significant changes in the pH during
incubation.
In general, the resistance of normal skin micrococci to lowering of the pH in
broth culture was of the same order as that of strains of coagulase-positive staphy-
lococci and of gram-negative rods. Growth was slow or absent at pH 4.5, al-
though the cells were still viable when subcultured in a more favorable medium.
TABLE 5
Effect of pH on bacteria associated with the skin, as determined in strongly buffered brain heart
infusion adjusted with lactic acid and HC1
ml.
Lactic Acid
0.01
0.05
0.10
0.25
TRYP-
TOSK PH
BROTE
ml.
1006.60
504.90
50 4.30
503.72
NORMAL SKIN MICROCOCCI cOAG.;POs. GRAU-NEG. RODS
3B 4A 7A hA
++++++++
C3
+
-
—
—
M7c
+
+
—
S12e
+
+
—
W17a
+
+
—
S5n
+
+
—
S14a
+
+
W8a
+
+
10
+
+
iS
+
+
N/20 HCI
2.50
11.25
18.25
29.75
506.501+
5014.92+
50 444
50 3.82±
+
+
±
±
+
+
±
±
+
+
+
±
+
+
±
±
+
+
±
±
+
+
+
±
+
+
+
±
+
+
+
±
+
+
±
—
+
+
±
±
+
+
+
—
+
-
—
—
+ growth, ± no growth, but cells viable on subculture, — no growth, cells not viable
on subculture.
3B—Aerobacter aero genes, 4A—Pseudomonas aeruginosa, 7A—Proteus vulgaris, hA—
Escherichia coli.
M7c—Microcoecus candidus, W17a—M. fiavus, S5n and S14a—M. aurantiacus, W8a and
S12e—M. epidermidis.
Viability was lost at a pH of about 3.7. When a strain of Group A streptococcus
was tested, viability was lost at pH 4.9 (Table 5).
On agar plates, all bacteria tested failed to grow at pH 4.0. As a group, nor-
mal skin micrococci isolated from glabrous skin grew best at pH 6, while coagu-
lase-positive staphylococcus and gram-negative rods showed good growth from
pH 5 to pH 7 (Table 6). The average growth of M. epidermidis, M. albus and
M. eandidus was very similar at all the pH values tested (Figures I and II).
While strains of M. flavus showed best growth at pH 6 and 7, the four strains of
M. luteus tested showed best growth at pH 8. Of these two micrococci of rather
similar characteristics, M. flavus has been found to be the more abundant on the
skin. Micrococci isolated from the scalp differed from other normal skin micro-
cocci in that they grew well at pH 5 (Figure III).
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The two groups of aerobic diphtheroid-like organisms isolated from the skin
grew very poorly at pH 5. Normal skin diphtheroids grew best at pH 7, while
the "Nocardia" tenuis strains tended to grow best at pH 9, showing very marked
preference for an alkaline medium (Figure IV).
TABLE 6
Effect of pH on micro-organisms associated with the skin and skin lesions
Table shows numbers of strains showing optimum growth on solid media at the pH
values indicated
ORGANISM
pH
— —
3 4 3 6 78 9
I. Normal skin micrococci
M. epidermidis
M. aurantiacus
23
30
0
0
0
0
9
13
23
29
15
16
2
4
0
0
M. candidus 9 0 0 5 8 7 1 0
M.flavus
M.tuteus
7
4
0
0
0
0
1
0
5
1
5
3
2
4
1
0
scalp strains 7 0 0 7 0 0 0 0
II. Coag.-positive strainsf
A. Isolated from the normal skin
Staph. albus
Staph. aureus
2
9
0
0
0
0
2
9
2
9
2
9
0
1
0
0
B. Isolated from skin lesions
Staph. aureus 25 0 0 25 25 25 16 0
III. normal skin diphtheroids 9 0 0 1 4 8 2 0
IV. "Nocardia" tenuis 31 0 0 1 8 15 17 29
V. Gram-negative rods 11 0 0 9 11* 5 1 0
VI. Pit yrosporon ovate 3 0 1 3 0 0 0 0
* Although, in general, growth of gram-negative rods was good over a pH range of
5 to 8, swarming of Proteus and spreading of the colonies of other species was greatest at
pH 6.
f It is to be noted that the vigorous growth of coagulase-positive staphylococci probably
masks the point of optimum growth, which may be the same as that of normal skin micro-
cocci.
Three strains of the fungus Pit yrosporon ovale failed to grow at pH 2, but grew
at pH 3 and reached maximum growth at pH 5 (Figure V).
IV. Dependence of bacteria for growth upon the lipoids contained in olive oil.
Heart infusion agar plates were divided into four sections by cutting a cross of agar from
each plate. Two of the quadrants in each plate were inoculated with 0.5 ml. of a 10% ether
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oracetone solution of olive oil, and the solvent permitted to evaporate. The four quadrants
were then streaked with the bacteria to be tested, incubated for twenty-four and forty-
eight hours, and for ten days, and the amount of growth on the quadrants with and without
olive oil compared.
Fm. I. Effect of pH on growth of bacteria associated with the skin. Ordinate points are
means of the scorings, —, +, ++, +++, for each pH.
I
Fm. II. Effect of pH on growth of normal skin micrococci. Ordinate points are means of
the scorings, —, +, ++, +++, for each pH.
Of the bacteria tested, only the normal skin diphtheroids showed some in-
creased growth in the presence of olive oil (Table 7). With these diphtheroids,
growth was markedly increased by olive oil, adult scalp sebum, oleic acid and
linoleic acid, and somewhat improved by lecithin, butter fat and glycerin, and
unaffected by butyric acid, caprylic acid, palmitic acid and cholesterol present
in a film on the medium (Table 8).
Growth stimulation was frequently observed around the edges of the zones of
3+—
2+-
1+ -
'V
Gram.-neg. rods
— Coag. - pos.staph.
Normal skin ,nicrocci
0 4 8 9pH
M auranhiacus
M. epiderrnidis
M candidus
M flavus
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0L
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FIG. III. Effect of pH on growth of micrococci isolated from the scalp as compared to that
on growth of micrococci isolated from other parts of the body. Ordinate points are means of
the scorings, —, +, ++, +++, for each pH.
:2.
FIG. IV. Effect of pH on growth of aerobic diphtheroid-like organisms of the normal skin.
Ordinate points are the means of the scorings, —, +, ++, +++, for each pH.
FIG. V. Effect of pH on the growth of Pityrosporon ovale. Ordinate points are the means
of the scorings, —, +, ++, +++, for each pH.
inhibition produced by caprylic acid in the case of normal skin micrococci, and
large-sized colonies occurred within the zone of clearing produced by this acid in
the case of normal skin diphtheroids.
Micrôco cci isolo/ed
from glabrous skin
— — Micrococci isolated
from ?he scalp
4 3 6 pH.
3+
D,phtheroids-norma/ skin
— — "Nocardia" tenuis
04 8 9pH
3+
:2
0L
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V. ,Studies to determine antibiotic activity of skin bacterial strains.
The test strain of bacteria was streaked on an agar plate in the form of a ring about 1
cm. from the rim of the plate. Various individual strains of normal skin bacteria were then
streaked outward at right angles through the test strain. The plates were incubated at 37°C.
for twenty-four and forty-eight hours, and obse. ved for evidence of inhibition of growth.
TABLE 7
Effect of olive oil on the growth of various normal skin bacteria on heart
infusion agar
Figures are averages of the four scorings: 0, +, ++, +++
ORGANISM NUMBER OPSTRAINS
GROWTH WITH 1%
OLIVE OIL
GROWTH WITHOUT
OLIVE OIL
Normal skin micrococci isolated from gla-
brous skin* 10 2.2 2.2
Normal skin micrococci isolated from the
scalp
Coagulase-positive staphylococci isolated
from skin lesions
6
12
2.4
2.0
2.4
2.0
Normal skin diphtheroids 10 2.0 1.0
"Nocardia" tenuis 31 2.5 2.6
* Four strains of M. epidermidis, 4 strains of M. aurantiacus, 2 strains of M. candidus.
TABLE 8
Effect of various lipids and of glycerine on the growth of 10 strains of normal skin aerobic
diphtheroids on heart infusion agar
Figures are averages of the four scorings: 0, +, ++, +++
OLIVE OIL I ADULT SCALPBUTTER-FAT SEBUM LECITHIN OLEIC ACID
1.3 2.5
0.8* 1.1
LINOLEIC-
ACID
Withl%lipid
Without 1% lipid
2.0
1.0
1.6
1.1
2.6
1.0
2.0
1.0
BUTYRIC
ACID
CAPRYLIC
ACID
PALMITIC
ACID CHOLESTEROL GLYCERIN
With 1% lipid or related sub-
stance
Without 1% lipid or related
substance
1.1
1.1
1.1
1.1
0.9
0.9
0.8
0.9
0.3
0.2
* Stimulation observed in 5 of 10 strains tested.
One hundred strains of normal skin micrococci isolated from glabrous skin
were tested against a strain of coagulase-positive staphylococcus. Six strains of
normal skin micrococci isolated from the scalp were tested against a strain of
E. ccli and a strain of Pseudomonas aeruginosa. Ten strains of normal skin diph-
theroids were tested against a strain of Lancefield Group C beta hemolytic strepto-
coccus. No inhibition of growth of one organism by another was observed in all
these platings.
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DISCUSSION
In a previous study on the rapid "self-sterilizing" properties of normal human
skin, we came to the conclusion that, on the basis of the rather extensive experi-
ments of others and ourselves, the principal immediate antibacterial mechanism
was desiccation. No other physiologic factor appeared to have anything approach-
ing the preponderant role of drying of the skin in favoring rapid disappearance
of B. coli, Staphylococci, and group G Streptococcus.
In the studies reported herein, in vitro methods for determining the factors
which increase or decrease the survival of bacterial strains have been used
throughout. While these have the advantage of allowing control of single factors,
the hazards of interpreting in vitro results as an absolute prediction of the effect
of various factors in vivo are well known.
The limited experiments on desiccation in vitro confirm previous in vivo stud-
ies. On the basis of the results reported herein, desiccation would appear to be the
predominant factor which affects gram-negative rods on the skin, since they are
resistant to the bacteriostatic effects of fatty acids, more so than normal micro-
cocci, and at least as resistant as these organisms to a low pH.
The role played by fatty acids in producing self-sterilization of the skin is diffi-
cult to evaluate on the basis of in vitro tests, since the exact concentrations and,
physical factors of these lipids on the skin cannot be reproduced.
The hypothesis of an "acid mantle" as a principal factor in making the skin
a less favorable area to support the growth of microorganisms has gained wide
acceptance. This hypothesis is dependent upon the fact that the surface of nor-
mal unabraded skin has been shown by many observers to have a low pH. It
has also been shown that intertriginous areas have a somewhat higher pH, and
the conclusion was drawn that this higher pH was therefore the principal reason
for the localization of infection in intertriginous areas. Many other factors are
operative in such sites, including excessive moisture of the surface, softening of
the stratum corneum, some degree of sweat retention within the skin and a higher
pH induced by ammoniacal decomposition of protein by the bacteria themselves.
One of the first expressions of disagreement with the "acid mantle" hypothesis
of self-disinfection of the skin was that of Cornbleet (4) who showed that sweat
supported the growth of Staphylococci at pH values as low as those of the skin
surface. Later, one of us with Shaffer (17) reviewed the relative Jack of laboratory
and clinical evidence for the validity of this hypothesis, and also treated a series
of patients with emulsion-type ointments prepared with buffered solutions of
varying p11. These experiments did nothing but give further evidence of the
marked and admirable capacity of the skin surface to tolerate wide variations in
PH.
In the present experiments, in which the effect of variations in pH of the me-
dium on a very large number of skin bacterial strains was studied, it will be noted
that excellent growth conditions were encountered in the usual normal skin
surface pH of 5 to 6. Gram-negative rods, with the possible exception of Pseudo-
monas, are somewhat more resistant to acidity than are normal skin micrococci.
Furthermore, the aerobic diphtheroids which are abundant on the normal skin
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failed to grow in vitro at pH values as low as those which have been repeatedly
demonstrated for the skin surface. If acidity has any real controlling effect upon
the surface microorganisms, it is difficult to explain the prevalence of these diph-
theroids on healthy skin. The pH requirements of these bacteria are in fact not
unlike those of beta hemolytic streptococci, which are rarely encountered on the
normal skin. It is interesting that the organism of trichomycosis axillaris (Coryne-
bacterium tenuis) grows best in an alkaline medium such as is ordinarily found in
the axilla.
An example of the difficulty, and even possibly the futility, of seeking the rea-
son for increased or decreased adaptability of various microorganisms to the
normal skin surface on the basis of varying individual factors in an in vitro en-
vironment is noted when one considers the varying behaviors of coagulase-
positive staphylococci and normal skin micrococci. Both of these groups of or-
ganisms grow vigorously in vitro and react similarly to changes in the in vitro
environment. The micrococci persist in large numbers and with great tenacity
on the human skin surface; coagulase-positive staphylococci, on the other hand,
do not establish themselves easily unless the integrity of the skin surface is dis-
turbed. As has been pointed out by Stuart-Harris (23) the supply of coagulase-
positive staphylococci found from time to time on the normal human skin is prob-
ably dependent upon reservoirs in the na.sopharynx. In abnormal skin, e.g., skin
which is the site of a chronic dermatitis, coagulase-positive staphylococci are
recoverable frequently and in large numbers, while the normal skin micrococci
diminish or are displaced. It would appear that certain basic controlling factors
remain to be determined; that the tools thus far available, though in many ways
precise, are far from completely satisfactory; and that the answers to growth or
lack of growth may well be found in something in the human tissue medium which
actively supports the growth of one organism and does not support another.
SUMMARY
1. The various types of bacteria found on normal and on dermatitic skin have
been shown to suffer a marked decrease in viability upon desiccation. Dryness
rapidly kills the resident as well as the transient organisms.
2. Gram-negative rods were found to be slightly more resistant than normal
skin micrococci and coagulase-positive staphylococci to a number of fatty acids.
The lipophilic diphtheroids and Pityrosporon ovale were found to be relatively
sensitive to some fatty acids, particularly undecylenic acid.
3. The normal skin organisms with the exception of the aerobic diphtheroids
grow well in the pH range 5—6. The common skin pathogens showed similar pH
optima. The aerobic diphtheroids failed to tolerate a pH of 5 despite the fact
that this is often the pH of normal skin.
4. The importance of certain lipids in the nutrition of normal skin aerobic
diphtheroids was confirmed.
5. On the basis of relatively crude screening methods with a large number of
bacterial strains isolated from the human skin, the elaboration of mutually
antagonistic antibiotic substances by normal skin bacteria was not demonstrated.
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